Program a Process Integration Study was completed at the American Fructose Decatur Inc. corn processing facility. The objective of the study was t o identify energy cost reduction opprotunities using Pinch Analysis techniques. The study was completed in November 1989 and identified several types of savings opportunity, these are summarized in Table 1 . 
I
The project identified several heat pumping opportunities associated with the process evaporation systems. Following completion of the Pinch Analysis American Fructose decided t o proceed with installation of one of the heat pumping systems identified.
The system was installed in mid 1991 and has been operating successfully since then. A t the suggestion of DOE, Linnhoff March contacted American Fructose to ask them if it would be possible t o analyze the installation in order t o determine how it was performing relative t o design and t o establish if the expected benefits have been realized. American Fructose agreed to participate and the site was visited in mid-March 9 3 to collect the necessary data.
This report documents the performance of the system and compares that to the expected benefits. It should be noted that the data collection effort was not intended t o be extensive, but was simply aimed at allowing a reasonably quick assessment of system performance. 
FIGURE 1 a -Existing Evaporator Configuration
around the first effect. This reduces the steam required t o achieve evaporation of water from the syrup.
This opportunity was identified in the Phase I study of the Decatur facility, along with other possible heat pump configurations. An alternate, more complex, scheme shown in Figure 2 offered greater savings and the opportunity for a very cost effective debottlenecking of the refinery evaporation systems and was recommended for further investigation in Phase 11.
Details of the pinch analysis leading to identification of these ideas can be found in the earlier Phase 1 and Phase Ila project
After considering their needs American Fructose decided to procede with the simpler scheme shown in Figure I b . The estimated capital cost for this option was $ 540,000 +/-30%, resulting in an expected payback of 2.5 years.
. EXPECTED BENEFITS
Several types of benefit were expected by American Maize as a result of implementing the heat pump scheme. These included ;
-Steam and coolina water savinas.
The project would reduce coal usage in the boilerhouse, reducing the quantity of purchsed coal. Also, the cooling load on the cooling tower which served the refinery would be reduced.
-Unloading of steam and coolina water svstems.
Just as important as the dollar value of steam savings was the fact that the coal boiler (which was operating at capacity) would be unloaded. This would allow installation of a new product line without having to fire the standby gas boilers (hence using a more expensive fuel) t o provide the process steam needed. Similarly the reduction in cooling duty would free up cooling capacity for the new process saving the need for capital expenditures on debottlenecking the existing tower.
-Reduced evaooration temoeratures.
A side effect of thermocompression around the first effect of an evaporator is a reduction in the pressure and temperature in the first effect, as compared to straight multi-effect operation. In syrup manufacture the color of the final product is a critical quality concern. Reduced processing Total steam savings for evaporation therefore amount to 13,400 Ib/h. This estimate compared well to information provided by Dedert Corporation who designed the installation and supplied the equipment. In their design calculations they projected a steam saving of 12,250 Ib/h. However, one result of using thermocompressors is that the prime steam condensate cannot be returned to the boiler because it has contacted process vapors and could be contaminated. Therefore there is an increased requirement for BFW make-up and a consequent increase in steam use for deaerator heating. In this case an increase of about 55 gpm in make up was expected, which would increase the deaerator steam demand by about 4000 Ib/h. Thus, being conservative, net savings of 8250 Ib/h were expected.
Because addtition of the new product line was expected to result in a need to fire the gas fueled boilers the value of steam savings can be based on the price of gas rather than coal. The marginal cost of steam produced by gas is $ 3.06 /OOO Ib compared t o $ 2.00 /OOO Ib for steam produced from coal. Thus, the expected energy benefit was $ 214,00O/yr (assuming 8500 h/yr operation).
The load on the refinery cooling tower was expected t o drop by 10.7 MMBtu/h to 23.5 MMbtu/h. The value of cooling water savings is more difficult t o assess. Actual operating cost savings (pumping, fans, treatment, etc.) are very small compared t o the value of steam savings. Therefore, the bulk of the value of reduced cooling duty lies in 'debottlenecking' the cooling tower thus allowing the new process to be installed without having t o purchase additional cells for the tower. In this case the 10.7 MMbtu/h reduction in duty represents about 20 YO of the tower capacity.
Steam and Coolina Water Svstem Debottleneckina
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The steam savings would not really debottleneck t:he steam system as there were already standby boilers available. However, as mentioned above, it would result in a situation which meant that the site coal boiler could satisfy the steam demand, including the new process, thus avoiding the need to burn a more expensive fuelgas.
Double Triple 195
The cooling water savings were expected t o deboxtleneck the refinery cooling tower, thereby avoiding capital expenditure on expanding the cooling tower or installing a n e w one. The value of this capital saviing is estimated to be $ 50,000.
Benefit of Reduced EvaDoration Tem~eratures .
With the revised evaporator configuration the temperature of the syrup in the first effect of each evaporator was expected to drop by about 20 F. As mentioned above, reduced evaporation temperatures assist in maintaining good syrup color, which is a critical component of product quality. Again it is difficult t o put a dollar value to this benefit, but it was considered an important feature of the project.
ACTUAL SYSTEM OPERATION
To evaluate how the installation compared t o expectations measurements were taken from existing instrumentation and then rationalized using simple evaporator models developed in Phase Ila. Appendix A contains details of the calculations and Figures 3a and 3b illustrate the actual operating conditions. presented in Tab1 measured, design, and original performance.
belov which compares
It is difficult t o directly compare steam use in each case because of the differences in evaporation rates, but it can be seen that the steam economies achieved by the new systems are very close to those expected at the design stage. Therefore, it can be concluded that the expected steam savings in the evaporators are being obtained.
As discussed earlier, use of the thermocompressors results in loss of prime steam condensate. This has been observed in the reduced YO condensate return n o w being seen. The reduction from about 48 % to 30 % is consistent with the 55 gpm loss of prime condensate.
Overall it is reasonable t o say that the system is performing in line with expectations as far as energy savings are concerned. As noted earlier the expected fuel savings were $ 214,00O/yr. Also, given that the expected improvements in steam have occurred it is also reasonable conclude that the utility system debottlenecking benefits have also been realized.
Finally, Table 6 compares the first effect operating temperatures t o those prior to modification. It can be seen that the expected reduction in temperatures has occured, although because the measurements were taken at part load conditions these values are a bit lower than those that would be experienced at full load conditions. 
II
Operationally the system has been working well, with no major problems being experienced. However, some modifications aimed at reducing liquid carryover, and improving control have been investigated.
INSTALLATION COST AND PAYBACK
The cost o f installing the necessary additional evaporator bodies, thermocompressors and associated equipment was $ 680,000. Based on the value of of energy saved alone ( $ 214,000 ) this results in a payback o f 3.2 years. If a one time credit of $ 50,000 is taken for capital savings in debottlenecking the cooling tower, then the payback reduces to 2.9 years. This is in line with the original expectation of a 2.5 year payback, although the capital cost was at the upper end o f the original estimate of $ 540,000 .t /-30 %.
CONCLUSIONS
The heat pump installation has been successful in meeting the needs and expectations set by American Fructose in terms of both savings and operation.
There is good reason to believe that similar installations in the corn processing,or other industries, could also be successful.
The savings available from heat pumping are additional to the significant savings which can be achieved by implementing the conventional heat recovery projects also identified by the Pinch Analysis.
APPENDIX A
A l . Analysis Methodology A2.
A3.

A4.
A5. Speadshe t models of the revised evaporation systems were developed as part of the Phase Ita work. These models are based on an assumption of constant U A for each evaporator effect (UA = heat transfer coefficient * heat exchange surface area). This simplification allows the evaporator simulation to converge in a straightforward manner.
To start with the models were 'calibrated' using the revised design conditions, this defines the available UA. Measured operating par,ameters were used in calculating the actual operation, with minor adjustments to measured values being made where necessary t o match the actual UA's with those for the design case.
It should be noted that the pressure measurements taken in the field were from existing instrumentation and no special effort was made t o ensure that all the readings were consistent. Thus it was expected that some adjustment of measured values would be required to obtain consistent simulations. 
